Background: Liposome bupivacaine is a novel formulation of the local anesthetic bupivacaine, designed to provide prolonged postsurgical analgesia. This analysis examined pooled efficacy data as reflected in cumulative pain scores from 10 randomized, double-blind liposome bupivacaine clinical studies in which the study drug was administered via local wound infiltration. Methods: A total of 823 patients were exposed to liposome bupivacaine in 10 local wound infiltration studies at doses ranging from 66 mg to 532 mg in five surgical settings; 446 patients received bupivacaine HCl (dose: 75-200 mg) and 190 received placebo. Efficacy measures were assessed through 72 hours after surgery. Results: Overall, 45% of patients were male and 19% were $65 years of age. In the analysis of cumulative pain intensity scores through 72 hours, liposome bupivacaine was associated with lower pain scores than the comparator in 16 of 19 treatment arms assessed, achieving statistically significant differences compared with bupivacaine HCl (P , 0.05) in five of 17 treatment arms. These results were supported by results of other efficacy measures, including time to first use of opioid rescue medication, proportion of patients avoiding opioid rescue medication, total postsurgical consumption of opioid rescue medication, and patient/care provider satisfaction with postoperative analgesia. Local infiltration of liposome bupivacaine resulted in significant systemic plasma levels of bupivacaine, which could persist for 96 hours; systemic plasma levels of bupivacaine following administration of liposome bupivacaine were not correlated with local efficacy. Liposome bupivacaine and bupivacaine HCl were generally well tolerated. Conclusion: Based on this integrated analysis of multiple efficacy measures, liposome bupivacaine appears to be a potentially useful therapeutic option for prolonged reduction of postsurgical pain in soft tissue and orthopedic surgeries.
Introduction
Most patients experience moderate to extreme pain after surgery, [1] [2] [3] and effective postsurgical pain management is a key factor affecting patient recovery. 4, 5 Multimodal analgesia techniques involving analgesics, such as local anesthetics, oral or parenteral nonsteroidal anti-inflammatory medications, and oral or parenteral opioids, are recommended as the most safe and effective approach to postsurgical pain control. 4 Local anesthetics administered during surgery are frequently used as part of multimodal analgesic regimens; however, the duration of analgesia with these agents is short (,12 hours). [6] [7] [8] [9] Bupivacaine has a long history of use in the surgical setting, and the efficacy of bupivacaine HCl administered perioperatively via wound infiltration for acute postsurgical pain is well established. [6] [7] [8] [10] [11] [12] A novel formulation of bupivacaine, ie, liposome bupivacaine (Pacira Pharmaceuticals, Inc., Parsippany, NJ), has been developed to address the need for longer-acting local anesthetics that can be administered as a single dose. This article provides an overview of the efficacy profile of liposome bupivacaine based on Phase II and Phase III data from 10 randomized, double-blind, controlled, singledose wound infiltration studies in patients undergoing hernia repair, total knee arthroplasty, hemorrhoidectomy, breast augmentation, or bunionectomy.
Materials and methods
All 10 studies were performed in compliance with the Declaration of Helsinki and its amendments and Good Clinical Practice. 13, 14 Prior to enrolling patients, each study site obtained the approval of its institutional review board and/or ethics committee. Written informed consent was obtained from all patients or a legal surrogate, or the requirement for written informed consent was waived by the ethics committee.
Participants in all studies were adults $18 years of age who were scheduled to undergo the specified surgical procedure in each study. Patients were excluded if they had a concurrent painful physical condition or concurrent surgery that could have required analgesic treatment in the postsurgical period for pain not strictly related to the surgical wound site being administered the study drug; significant medical conditions or laboratory results that indicated an increased vulnerability to the study drugs and/or procedures; and any clinically significant event or condition uncovered during the surgery that might have rendered the patient medically unstable or complicated the postsurgical course. Patients with a history of opioid or alcohol abuse/addiction were also excluded.
Study design
The milligram dose of liposome bupivacaine is expressed as the free base (ie, 266 mg of bupivacaine base is chemically equivalent to 300 mg of bupivacaine HCl; Table 1 ). An overview of the 10 studies is shown in Table 2 . [15] [16] [17] [18] [19] [20] [21] There were three studies that assessed the safety and efficacy of liposome bupivacaine in patients undergoing hemorrhoidectomy (studies 4, 7, and 9), two in patients undergoing inguinal hernia repair (studies 1 and 2), two in patients undergoing total knee arthroplasty (studies 3 and 6), two in patients undergoing breast augmentation (studies 5 and 8), and one in patients undergoing bunionectomy (study 10). Studies 1 and 5 included commercially available bupivacaine HCl without epinephrine (Marcain ® Polyamp Steripack, 0.5%; A straZeneca UK Limited, Bedfordshire, UK) as an active comparator; studies 2, 3, 4, 6, 7, and 8 included bupivacaine HCl with epinephrine (Marcaine ® 0.5% with epinephrine 1:200,000; Hospira, Inc., Lake Forest, IL); and studies 9 and 10 included a placebo control arm (0.9% sodium chloride). Dose levels of liposome bupivacaine ranged from 66 to 532 mg across studies. In each study, a single dose of study drug was administered intraoperatively via local administration at the end of surgery (day 1), immediately prior to wound closure. When called for by the relevant study protocol, patients received other analgesic medications for postsurgical pain as part of a multimodal pain management strategy.
Efficacy assessments
Pain intensity after surgery was measured using an 11-point numeric rating scale (NRS) where 0 = no pain and 10 = worst possible pain. The NRS was used in all studies except study 1, in which a 100 mm length visual analog scale (0 = no pain and 100 = most severe pain possible) was used to measure pain intensity. Pain intensity scores were collected through at least 72 hours after study drug administration. Cumulative pain score as reflected in the area under the curve (AUC) of NRS scores through the last timed assessment, and through other time points, were derived for each study. Comparisons of mean AUC of NRS scores assessed through 24 and 72 hours for each study (except study 5; breast augmentation) while patients were at rest are presented in this analysis. Study 5 was not included in the analysis of AUC of NRS scores because patients were given liposome bupivacaine in one breast pocket and bupivacaine HCl in the other breast pocket; the majority of times that an opioid was taken it could not be attributed to pain in either the breast treated with liposome bupivacaine or the breast treated with bupivacaine HCl.
Other key efficacy measures included time to first postsurgical use of opioid rescue medication, proportion 
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of patients who received no supplemental opioid rescue medication, total amount (mg) of opioid rescue medication consumed, and patient and caregiver ratings of satisfaction with postsurgical analgesia. Patient satisfaction was measured using a four-point categorical scale (poor to very good) in study 1, an 11-point numeric scale (0 = completely unsatisfied with analgesia; 10 = completely satisfied with analgesia) in studies 6 and 7, and a five-point categorical scale (extremely dissatisfied to extremely satisfied) in studies 8, 9, and 10. Patient satisfaction ratings were not assessed in studies 2, 3, 4, and 5. Blinded care provider satisfaction with postsurgical analgesia was measured using a fourpoint categorical scale (poor to very good) in study 1 and an 11-point numeric scale (0 = completely unsatisfied with analgesia; 10 = completely satisfied with analgesia) in studies 2, 3, 4, 5, and 7. This assessment was not conducted in studies 6, 8, 9, and 10.
Data analyses
The calculation of cumulative pain intensity scores (AUC of NRS) for each treatment arm in studies 8, 9, and 10 incorporated the use of rescue pain medications by imputing the worst pain intensity score prior to the use of a pain medication and carrying that value forward for a specified time period based on the half-life of the rescue pain medication. This imputation method is referred to as the "windowed worst observation carried forward + last observation carried forward" (wWOCF + LOCF). This method was retrospectively applied for analysis of AUC of NRS data from the other studies, with the exception of studies 3 and 6, in which patients used a patient-controlled analgesia pump and study 5 in which patients received liposome bupivacaine in one breast pocket and bupivacaine HCl in the other breast pocket. In studies 3 and 6, the time and amount of rescue medication administered was not recorded each time the patient-controlled analgesia pump was used. In the wWOCF + LOCF analyses, missing scores were replaced in one of three ways: by the median score from other patients at the same time point in the same treatment group if before the first nonmissing score; by LOCF if after the last nonmissing score; and by linear interpolation if between two nonmissing scores. The intent-to-treat population included all randomized patients who received the study drug and was based on the treatment group to which patients were randomized. The intent-to-treat population was used for analyses of AUC of NRS via the wWOCF + LOCF imputation method. Analysis of other efficacy measures in each study was conducted using the full analysis population, which included all patients who received the study drug, underwent the surgical procedure, and had sufficient data to calculate a cumulative pain score (AUC of NRS). The safety population included all patients who received at least one dose of study drug and was based on treatment actually received. For total postoperative consumption of opioid rescue medication, all opioids were converted to an equianalgesic parenteral morphine amount using standard conversion factors.
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Comparisons of liposome bupivacaine with bupivacaine HCl or placebo for efficacy measures were made using analysis of variance, Cochran-Mantel-Haenszel tests, or logrank tests as appropriate. All statistical tests were performed against a two-sided alternative hypothesis with a significance level of 5% (α = 0.05), and all confidence intervals calculated were two-sided 95% confidence intervals.
Results
Liposome bupivacaine was administered to a total of 823 patients across the 10 studies at doses ranging from 66 mg to 532 mg. Results from key efficacy measures in each of the 10 studies are summarized in Table 2 . [15] [16] [17] [18] [19] [20] [21] Patient disposition is summarized in Table 3 and patient demographics and other baseline characteristics are shown in Table 4 . Since there was a #1% difference between the total number of patients for each study treatment in the intent-to-treat and safety populations, the demographics and baseline characteristics were expected to be similar in both populations.
Cumulative pain scores
Between-group differences in cumulative pain scores (AUC of NRS) through 24 and 72 hours across studies are shown in Figures 1 and 2 , respectively. In general, the higher doses of liposome bupivacaine were associated with lower cumulative pain scores compared with placebo and bupivacaine HCl. In the cumulative pain (AUC of NRS) analysis, there were 17 treatment arms comparing liposome bupivacaine with bupivacaine HCl in active control studies. Between-group differences were statistically significant in favor of liposome bupivacaine in six of these treatment arms through 24 hours and in five treatment arms through 72 hours (P , 0.05).
Time to first postsurgical use of opioid rescue medication
The time to first postsurgical use of supplemental opioid pain medication was pooled across studies (except study 5) for all liposome bupivacaine doses combined, for bupivacaine HCl, and for placebo ( Table 5 ). The median time to first postsurgical use of rescue opioid medication was significantly longer with liposome bupivacaine (9.3 hours) compared with bupivacaine HCl (6.4 hours; P = 0.013) and placebo (3.6 hours; P , 0.0001).
Proportion of patients avoiding use of opioid rescue medication
In study 9 (hemorrhoidectomy), the proportion of patients avoiding rescue medication through 72 hours after surgery was significantly lower in favor of liposome bupivacaine 266 mg (28% avoided use of rescue opioids) compared with placebo (10% avoided use of rescue opioids; P = 0.0007). Between-group differences did not reach statistical significance in the other placebo-controlled Phase III study (study 10 
Total postsurgical consumption of opioid rescue medication
Total postsurgical consumption of opioid rescue medication was statistically significantly lower for liposome bupivacaine-treated patients than for the comparator in four studies (two active-controlled, two placebo-controlled) at 24 hours postsurgery, and in two studies (one activecontrolled, one placebo-controlled) at 72 hours postsurgery ( Table 6 ). The higher doses of liposome bupivacaine (266 mg and 532 mg) were more frequently associated with a significant reduction in total postsurgical consumption of opioids than lower doses. There were no statistically significant differences observed between the liposome bupivacaine treatment arms and bupivacaine HCl in the other studies.
Patient and blinded care provider satisfaction with postoperative analgesia
In the studies that included assessment of patient ratings of postsurgical analgesia (studies 1, 6, 7, 8, 9, and 10), the liposome bupivacaine group in study 9 showed statistically signif icantly better patient satisfaction scores than the comparator. At 24 hours after surgery in this study, 95% of patients in the liposome bupivacaine 266 mg group were "satisfied" or "extremely satisfied" with their postoperative analgesia compared with 72% in the placebo group (P = 0.0007). At 72 hours after surgery, percentages were 95% and 73%, respectively (P = 0.0007). The other studies showed no statistically significant betweengroup differences for this assessment.
For assessments of care provider satisfaction with postoperative analgesia (studies 1, 2, 3, 4, 5, and 7), statistically significant differences were observed between the liposome bupivacaine and bupivacaine HCl groups in study 1 at 24 hours, where 100% of care providers of patients in the liposome bupivacaine 199 mg group rated satisfaction as "good" or "very good" on a categorical scale versus 81% in the bupivacaine HCl 100 mg group (95% confidence interval for difference in percentages, 4.1-34.4). Statistically significant differences in favor of liposome bupivacaine were also observed in study 3, where mean satisfaction ratings, based on an 11-point NRS (0 = completely unsatisfied; 10 = completely satisfied), were 9.2 in the liposome bupivacaine 532 mg group and 8.3 in the bupivacaine HCl 150 mg group (P = 0.045) at day 8, and in study 4 where mean ratings in the liposome bupivacaine 266 mg and bupivacaine HCl 75 mg groups were 7.4 and 6.0, respectively (P = 0.03) at 96 hours. No statistically significant between-group differences were observed for this assessment in the other studies.
Liposome bupivacaine was well tolerated across the 823 patient exposures in these 10 studies, and the adverse event profile was similar for liposome bupivacaine and bupivacaine HCl. Overall, 62% (508 of 823) of patients treated with liposome bupivacaine reported at least one adverse event compared with 75% (334 of 446) for bupivacaine HCl and 43% (82 of 190) for placebo. The incidence of adverse events generally increased with increasing doses of either liposome bupivacaine or bupivacaine HCl. Nausea, constipation, and vomiting were the most frequently reported adverse events in patients who received liposome bupivacaine or bupivacaine HCl; these adverse events are frequently reported in patients receiving opioid medications.
Discussion
The highly subjective nature of pain perception and measurement is an inherent limitation of all pain studies. To mitigate this limitation, clinical studies conducted in the pain setting are typically designed to involve multiple metrics for measurement of treatment-related efficacy. Most wound Notes: *First quartile, 25% started using pain medication; median, 50% started using pain medication; third quartile, 75% started using pain medication; † P = 0.013 versus bupivacaine HCl and P , 0.0001 versus placebo. Abbreviations: CI, confidence interval; HCI, hydrochloride. Table 6 Total postsurgical consumption of opioid rescue medication: studies with statistical differences between treatment groups 
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infiltration studies in the liposome bupivacaine development program included an assessment of cumulative pain over time as the primary efficacy measure, while secondary measures focused on outcomes such as pain intensity scores and opioid usage at specific time points. Pooling of the efficacy data allowed for a more detailed analysis of outcome measures that were utilized across studies. In this pooled analysis of efficacy, results from 823 patients who received single-dose, locally administered liposome bupivacaine across 10 studies in five different surgical models, liposome bupivacaine was shown to provide prolonged analgesia for up to 72 hours after surgery. Across seven active-controlled studies, there were 17 treatment arms comparing liposome bupivacaine and bupivacaine HCl. Between-group differences in cumulative pain scores trended in favor of liposome bupivacaine through 72 hours postsurgery in 14 of the 17 treatment arms, reaching statistical significance (P , 0.05) in five treatment arms. Cumulative pain scores trended in favor of bupivacaine HCl in three of the 17 treatment arms, none of which reached statistical significance at any timed assessment.
The cumulative pain score results were supported by the results of other efficacy measures. The median time to first postsurgical use of supplemental opioid pain medication was 3 hours later with liposome bupivacaine versus bupivacaine HCl (P = 0.013) and 6 hours later than placebo (P , 0.0001). Between-group differences in proportion of patients who avoided use of rescue opioids and total consumption of rescue opioids after surgery also trended in favor of liposome bupivacaine in most of the studies analyzed. The greatest reductions in opioid use were observed in the treatment arms that received the highest doses of liposome bupivacaine (266 mg or 532 mg). Also, the between-group comparisons showed the higher dose levels of liposome bupivacaine were more frequently associated with higher patient and caregiver satisfaction scores than lower dose levels. Local infiltration of liposome bupivacaine resulted in significant systemic plasma levels of bupivacaine, which could persist for 96 hours; systemic plasma levels of bupivacaine following administration of liposome bupivacaine were not correlated with local efficacy.
A limitation of this post hoc analysis is that the results cannot be extrapolated to surgical models not examined in the 10 studies pooled for this analysis or to patient populations receiving liposome bupivacaine via administration routes other than wound infiltration. Pooling of efficacy results was not prespecified in protocols for the individual studies.
Conclusion
In conclusion, treatment with liposome bupivacaine resulted in lower pain scores and reduced opioid consumption during the first 72 hours after surgery in several surgical models. A reduction in postsurgical pain may result in less need for supplemental opioid pain medications, fewer opioid-related adverse events, and a better recovery experience for patients, which may offer an economic benefit to health care systems. Based on this retrospective integrated analysis of multiple efficacy measures, liposome bupivacaine appears to be a potentially useful therapeutic option for prolonged reduction of postsurgical pain in soft tissue and orthopedic surgeries.
